Abstract. In this paper, a novel antenna that operating in the low frequency band of the fifth generation mobile communication system (5G) is proposed. In this antenna the stripline is creatively used to excite a double "H" configuration slot-coupled patches. The cross polarization is less than -21 dB, the port isolation is less than -43 dB, and the measured impedance bandwidths for voltage standing wave ratio (VSWR) ≤ 2 are 13%. Meanwhile, the gain of antenna unit is 6.85 dB. In general, this antenna demonstrated high performance in both isolation characteristics and bandwidth characteristics.
Introduction
As a classical antenna form, much of the research on microstrip antenna has been done for its advantage of small size, low profile, light weight, easy conformal, simple integration, easy to mass production. However, microstrip antennas also have obvious shortcomings, such as low power capacity, narrow frequency band, cross polarization is not ideal, etc.
Dual polarized microstrip antenna has attracted much attention because of its advantages of transceiver integration, frequency reuse and polarization agility [1] . The dual-polarized technology is diverse, the simplest method is to use square microstrip patch as radiation unit and make side feed at the vertical edge of patch by microstrip line. However, the drawback of this structure is that the parasitic radiation and dispersion effects are serious One of improved method is to use double slot coupling feed instead of side feed, and the concrete operation is to etch two orthogonal slots on the floor, located directly below the two symmetrical axes of the square patch. A. Adrian [2] adopts experimental methods to prove that the isolation of this structure is much lower than the actual requirements, so it is of little practical value.
On the other hand, the narrow bandwidth is a conditional shortcoming of microstrip antenna. At present, the main methods to broaden bandwidth include multilayer structure, adding parasitic patch, slot coupling feeding method, and radiation patch added low dielectric constant thick dielectric plate. In order to extend bandwidth, a slot in a 'H' configuration is etched under the radiation patch. A new project that the slots are placed in a 'T' configuration under the patch, with one slot under the main body of the patch and the other along an edge reported in paper [3] . In this way, the port isolation and relative impedance bandwidth have been increased by a sacrifice of cross polarization. What's more, Steven Gao [4] and C.H.T Sao, Y, M. Hwang [5] proposed new antenna model which could improve the isolation, but the antenna structure were too complex. Double H-shape cross slots excited by microstrip line is preferred in most antenna papers for easy fabrication. However, a back cavity or a back ground is needed to suppress the back radiation. And thus increase the mutual coupling between antenna units.
In this paper, a stripline feed dual-H slot coupled dual polarized double layer microstrip patch antenna with a center frequency of 3.5GHz is designed. Benefited from the stripline feed design, there is no any back cavity equipped, and the structure has advantages of compact architecture and high space utilization. Furthermore, this antenna achieves excellent bandwidth and great dual-polarized radiation characteristics. Fig.1 illustrates the geometry of the proposed dual-polarized dual-H shape slot antenna element. The proposed antenna, basically, is composed of radome (layer1), patch2, foam substrate(layer2), patch1, radiation substrate(layer3), two H-shaped feeding structure, feeding substrate(layer4) and copper on the bottom. As shown in figure 1(a), A Duriod substrate with a dielectric constant of and a thickness of 1.016mm is adopted as the antenna radome on the top layer to protect the antenna. The patch2 is a parasitic patch which is etched under the radome to excited several resonant frequencies. Changing the size of parasitic patch to approach the resonant frequency can widen the bandwidth. Thus, a foam substrate with a dielectric constant of =1.06 ε and a thickness of 8 mm is under the patch2,which can prevent antenna from deformed, decrease the effective permittivity and extend bandwidth by decreasing the 'Q' value. Below the foam substrate, there is the patch1 that is a radiation patch. As for radiation structure, it's the third layer. Bandwidth can be extended by increasing of the thickness of radiation, but the surface wave radiation would emerge if it's too thick. As a matter of fact, the thickness parameter influences bandwidth little, but a lower dielectric constant can make a great improvement to bandwidth and decrease the size. The material of radiation substrate is Rogers RT with ε=2.2 and a thickness of 1.99 mm. The material of feeding substrate is FR4-epoxy with ε=2.2 and a thickness of 0.6 mm. A stripline is buried in the feeding substrate which is a big dielectric constant material to bound electromagnetic field inside it.
Antenna Structure
As the picture shows, the patch1's length is 29 mm and the patch2's is 30.06mm. The distant of horizontal port slot center to patch center is 5.42mm and the feeder line's width is 1.48 mm, and the vertical's is 7.3 mm and 1mm.
Result and Discussion
The above antenna is simulated by ANSYS High Frequency Structure Simulator (HFSS) 18. The antenna is fed by stripline, and has double layer radiation patches and slot coupling. The adjustable parameters have so many that it is difficult to adjust the parameters. Among them, several typical parameters have great influence on antenna performance. Figure 2 (a) is the impact of upper radiation patch size on the return loss, through the graph we can see that the big influence of the upper patch's size on the low resonant frequency, the patch size is smaller, the low frequency resonant point moves to high frequency direction. Figure 2 (b) is the impact of lower radiation patch size on the return loss, through the graph we can see that greatly affect the lower patch size to high frequency resonance point, the patch size is larger, the high frequency resonance point moves to low frequency direction. Graphs (a) and (b) also prove that bilayer radiation patches successfully broaden the band width by constructing two resonant points. Return Loss(S11(dB)) In the process of parameter adjustment, the matching of port2 is difficult to adjust. Figure 3 (a) shows the port2 return loss changing with the stripline width, as the curve showing, the width of stripline for return loss have great influence, a reasonable choice of parameters can make the antenna to achieve good VSWR. Figure 3 (b) shows the effect of port2 slot length changes on return loss. The longer the slot is, the lower the resonance frequency is, in line with theoretical knowledge totally. Through the reasonable adjustment of parameters, the antenna with good performance is finally obtained. Finally, the antenna structure and parameters are shown in second parts. Isolation(S12(dB))
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Isolation(S12(dB)) (b) Figure 4 . Simulated antenna parameters of (a) S11 and S22 (b) port isolation S12.
Finally, the antenna performance analysis is as follows. Fig. 4 (a) (b) gives the curves of the frequency variations of the antennas return, loss and isolation, respectively. The bandwidth of port1 and port2 are 13.14% and 13.43% respectively. In the 3.4GHz ~ 3.6GHz frequency range, the isolation is less than -43dB, VSWR< 2. Fig. 5 (a) (b) respectively gives the 2D directional pattern when the antenna port1 and port2 are excited respectively, and Fig. 6 (a) (b) gives the 3D directional pattern of the two ports to be excited respectively. As can be seen from the graph, the realized gain of two ports are 7.6 dB and 6.85 dB respectively, the cross-polarization of horizontal port and vertical port among ±60°are less than -21dB and -28dB respectively. At last, the horizontal port's beam widths of E plane and H plane are both 70.3°, and the vertical port's are 70.24°and 70.43°, respectively. 
Conclusion
A dual-polarized dual-H shape slot microstrip antenna creatively feeded by stripline has been proposed, fabricated and analyzed, in this paper. The antenna operates in S-band. With correct feeding, it can excite a circularly polarized wave. The stripline feed to dual-H shape slot is a creative design, with which we can adjust the parameters of antenna to achieve better capability than traditional microstrip feeding antenna because of no backward cavity. What's more, the double layer radiation structure is adopted, the bandwidth is Extended by the two resonance points that caused by the two patches, and the top patch has an effect of leading radiation filed. So the gain of antenna is improved by the double layer radiation structure effectively.
The simulated results show that this antenna is suitable for the application of the low frequency band in the fifth generation mobile communication system (5G) and radar system.
